63/65Cu and 1/2H2O isotope shifts in the low-temperature resonance Raman spectrum of fungal laccase.
Resonance Raman spectra are reported for the type 1 Cu site of fungal laccase at 295 and 77 K. The low-temperature spectra show enhanced resolution and reveal several weak bands not previously observed, as well as overtone and combination bands associated with the strong approximately equal to 400 cm-1 fundamentals. A novel low-temperature Raman difference technique has been used to obtain 63/65Cu and 1/2H2O isotope shifts. The strong band at 428 cm-1, and the moderate intensity bands at 408 and 387 cm-1 show small (under 0.6 cm-1 63/65Cu isotope shifts. The aggregate shift is substantially less than that expected for an isolated Cu-S(cys) stretch, implying a high degree of mixing of this coordinate with internal modes of the ligands. 1/2H2O shifts of 1.1 and approximately equal to 0.3 cm-1 are observed for the 387 and 428 cm-1 bands. The isotope shift patterns are quite similar for fungal and tree laccase, as are the frequencies of the dominant bands, indicating that the large differences in relative intensity are primarily associated with differences in the excited state potential. The frequency and isotope shift patterns are appreciably different, however, from those observed for azurin and stellacyanin. In contrast to the other 'blue' Cu proteins, fungal laccase shows no moderate intensity band near 270 cm-1 which can be associated with Cu-imidazole stretching; weak features are seen in this region, but the intensities are too low to determine their 1/2H2O sensitivity. The C-S stretching mode of fungal laccase is identified at 737 cm-1, shifting to 741 cm-1 at 77 K. It is about 10 cm-1 lower than for most 'blue' Cu proteins, and the difference is suggested to reflect smaller kinematic coupling between the C-S and Cu-S coordinates, associated with a smaller Cu-S-C angle. Combination modes of the approx. 400 cm-1 fundamentals are substantially stronger, relative to the overtones, than is predicted by first-order scattering theory, implying changes in the excited-state normal modes (Dushinsky effect) associated with force constant alterations.